Effect of methamphetamine on cognition and repetitive motor behavior of mice deficient for dopamine D2 and D3 receptors.
Mice deficient for dopamine D2 and D3 receptors exhibit blunted D(1)-receptor responses to agonist stimulation. This blunted D1-receptor activity is prominent in the medial prefrontal cortex (mPFC) and results in a significantly impaired performance of the mutants in a test for spatial working memory. A single dose of methamphetamine (METH; 5 mg/kg i.p.), however, elicits a long-lasting increase in agonist-stimulated D1 receptor activity in the mPFC. In D2 mutants, this increase reaches wild-type levels, and the working memory of METH-treated mutants is completely rescued. In D3 mutants, however, the METH-induced increase in D1-receptor activity remains below wild-type levels and does not result in improved working memory performance. D2 and D3 mutants also differ in their locomotor responses to METH. Repeated administration of this drug (5 mg/kg administered three times at 2-h intervals) leads to a transition from horizontal hyperlocomotion to excessive orofacial stereotypy (taffy pulling) only in wild type and D3 mutants. In both genotypes, this transition is accompanied by a change in the relative ratios of striatal neuronal activation in two neurochemically distinct compartments, with striosomal neuronal activation exceeding that of the striatal matrix during stereotypy. Both the stereotypic response to METH and the associated predominant activation of neurons located in striosomes require D2-receptor expression. These studies indicate a differential requirement for D1- and D2-like receptor activation in mediating the effects of METH on cognitive and motor function.